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ABSTRACT
Giardia infection is a common clinical problem in humans and pets. The diagnosis of 
giardiasis is challenging as hosts intermittently excrete protozoan cysts in their feces. In the 
present study, we comparatively evaluated two methods of serial fecal sampling in humans, 
dogs, and cats from Rio de Janeiro, Brazil. The Faust et al. technique was used to examine 
fecal specimens collected in triplicate from 133 patients (52 humans, 60 dogs, and 21 cats). 
Specimens from 74 patients were received from the group assigned to carry out sampling 
on consecutive days - 34 humans, 35 dogs, and 5 cats, and specimens from 59 patients were 
received from the group assigned to carry out sampling on non-consecutive, separate days 
- 18 human beings, 25 dogs, and 16 cats. G. duodenalis cysts were found in stools of 30 
individuals. Multiple stool sampling resulted in an increase in the number of samples that 
were positive for Giardia in both groups. The authors therefore conclude that multiple stool 
sampling increases the sensitivity of the Faust et al. technique to detect G. duodenalis cysts 
in samples from humans, cats and dogs.
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INTRODUCTION
Giardia duodenalis is a flagellated protozoan parasite that infects millions of 
hosts around the world1 causing intestinal disease in humans, companion animals 
and livestock2-4. Giardia cysts are excreted intermittently for indefinite periods of 
time in the feces of both symptomatic patients and asymptomatic carriers from 
different species, such as humans, dogs and ruminants5,6, and can remain viable and 
infective in the environment for several months, which contributes to the persistence 
and dispersion of this pathogen7,8. In subclinical infections, asymptomatic carriers 
can shed Giardia cysts in their stools for longer periods, which favors reinfection 
and persistent environmental contamination9.
In recent years there has been a growing interest in the zoonotic and epidemic 
potential of Giardia sp. prompting greater demand for diagnostic tools10. Microscopic 
examination of fecal samples is effective and cheap, and is the most common test 
used to diagnose giardiasis11,12. Besides giardiasis, a large variety of helminth and 
protozoan infections can be detected by fecal examination13,14. However, the use of 
a single zinc sulfate flotation test in a stool sample may be insufficient to make the 
diagnosis of Giardia sp. infection since cyst shedding in feces is intermittent15-22. 
Therefore, the diagnosis of giardiasis presents a challenge to parasitologists23. The 
disease therefore may be underdiagnosed as intermittent cyst shedding can lead to a 
false negative result especially if only one fecal sample is examined. It is, therefore, 
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advisable to test multiple fecal samples in order to increase 
the probability of getting a positive result for Giardia and 
avoid false negative results19,24.
Given the importance of using classical parasitological 
methods for the diagnosis of parasitic diseases, the aim of 
this study was to comparatively assess two methods of serial 
fecal sampling, increasing the sensitivity in the diagnosis of 
G. duodenalis infection. Moreover, samples were collected 
from humans, dogs, and cats from the East Metropolitan 
area of Rio de Janeiro State, Southeast Brazil, to compare 
the efficiency of both sampling methods for each host, 
aiming to confirm previous studies in humans and dogs 
using a different methodology, and to perform the first study 
assessing the influence of serial sampling on feline hosts.
MATERIALS AND METHODS
In the present study, two methods of serial fecal 
sampling were comparatively assessed; multiple fecal 
samples from humans, dogs, and cats living in the East 
Metropolitan area of Rio de Janeiro State, Southeast 
Brazil, were collected between June and October 2015. 
The population was randomly selected among pet owners 
attended in veterinary clinics and veterinary clinic 
laboratories of Niterói. Nine hundred stool sample kits were 
manufactured and distributed among the individuals who 
volunteered to participate in this study.
The inclusion criteria for participants were the signature 
of a consent term and the correct collection of three fecal 
samples. Participants collected fecal specimens from 
human beings, dogs, and cats living in the city of Niterói, 
Rio de Janeiro State (RJ), Southeast Brazil. The cats and 
dogs were owned pet-animals and their feces were picked 
up from soil, and were collected fresh after expulsion. In 
addition, the volunteers who collected their feces were 
advised about the importance of collecting samples of the 
same dog/cat day by day.
Each stool sample kit consisted of 3 sampling bottles and 
instructions for sample collection, handling, and storage. 
Two groups were formed for the collection of fecal 
samples from the three aforementioned species, and different 
sampling timings were used. Participants were assigned to 
each of these groups based on the random distribution of 
the stool sample kits among the volunteers. Half of the 
forms with instructions for sample collection informed 
participants to collect 3 fecal samples in consecutive days 
(daily sampling). In the other half participants were asked 
to collect 3 fecal samples every other day (every-other-
day sampling). No preservation media were used for the 
storage of stool samples; these fecal specimens were kept 
refrigerated for a maximum of 24 h. 
Fecal aliquots were analyzed using the Faust et al.25 
technique for the diagnosis of giardiasis. Approximately 4 g 
of faeces were diluted in 20 mL of distilled water in order 
to obtain a homogeneous solution. After that, the samples 
were strained through a wire gauze onto a centrifuge glass 
tube and submitted to centrifugation for 2 min at 640 g. 
That washing step was performed twice, discarding the 
supernatant. Subsequently the sediment was re-suspended 
with 7 mL of zinc sulfate solution (sp gravity 1.200). The 
flotation was performed with centrifugation for 2 min at 
640 g. Five loops of the convex meniscus were collected 
with a bacteriological loop, as recommended by Pereira and 
Ferreira26. They were placed on a microscope slide, stained 
with a drop of Lugol’s iodine and covered with a coverslip. 
The same trained clinical pathologist performed both 
sample preparation and microscopic examination. Each 
sample was numbered to allow a blind exam. In order to 
increase the sensitivity of the fecal flotation and improve 
the diagnosis of giardiasis, two slides were prepared from 
each sample for microscopic examination. The slides 
were observed at 100X magnification. To confirm the 
presence of Giardia cysts, a 400X magnification was used. 
Microscopic examination was performed up to 24 h after 
sample collection. 
The results obtained with each of the two sampling 
schemes in all three species were compared using the 
Fisher exact test for independent variables and statistical 
significance was determined based on a 2-sided p-value of 
0.05. The cumulative frequency of positivity was calculated 
considering one-, two- or three-day sampling for each host 
in each sampling scheme. The Fisher exact test was used 
to compare the calculated frequencies.
ETHICS
This study was approved by the Research Ethics 
Committee of the School of Medicine/Antonio Pedro 
University Hospital (CAAE 44055615.0.0000.5243) and by 
the Ethics Committee on Animal Use from the Fluminense 
Federal University (UFF) (Nº 643), Niterói, RJ, Brazil. 
RESULTS
A total of 415 stool samples from 141 individuals were 
received for analysis (58 humans, 62 dogs, and 21 cats). In 
the daily sampling group, 74 stool samples from humans 
(n=34), dogs (n=35), and cats (n=5) were obtained. In the 
every-other-day sampling group, 59 stool samples from 
humans (n=18), dogs (n=25), and cats (n=16) were obtained. 
Eight participants did not collect all three stool samples as 
requested, and they were excluded from the analysis. 
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G. duodenalis cysts were detected on fecal samples from 
30/133 patients (22.6%) evaluated by the Faust technique. 
In the daily sample collection scheme, 7/35 (20%) dogs 
and 3/5 (60%) cats were diagnosed. In the every-other-day 
scheme, it was possible to identify 5/25 positive (20%) dogs, 
4/16 (25%) positive cats and 7/18 (38.9%) positive humans. 
The results obtained in each sampling scheme and for each 
animal species are shown in Table 1. Fecal samples from 
some individuals were Giardia-negative in the first fecal 
examination and Giardia-positive in the second or third 
fecal examination.
Serial stool sample collection increased the number of 
Giardia-positive fecal specimens in both, daily sampling 
and every-other-day sampling schemes (Figures 1 and 2 
and Table 2). 
When considering samples from humans regardless of 
the sampling group, there was an increase of 2 Giardia-
positive patients with a two days sampling, an increment 
of 28.6% (2/7) in the detection of carriers of this protozoan 
infection (p=0.46). Since no human host from daily 
sampling group was positive, it was not possible to compare 
both groups for this host. 
When results from dogs regardless of the sampling 
group were analyzed, we found that collection of two 
samples allowed the diagnose of 2 extra positive patients 
and, with the collection of three samples, 4 more Giardia-
positive animals were diagnosed, with an increase of 
16.7% (2/12) (p=0.44) and 33.3% (4/12) (p=0.09) in the 
detection of carriers, respectively. When comparing one-day 
Table 1 - Number of Giardia duodenalis-positive stool samples 
in each sampling scheme and in each animal species analyzed 
(humans, dogs, and cats). The Faust technique1 was used to 
screen fecal specimens
Giardia-positive samples
Daily sampling Every-other-day 
sampling
Humans 0 / 34 (0%) 7 / 18 (38.9%)
Dogs 7 / 35 (20%) 5 / 25 (20%)
Cats 3 / 5 (60%) 4 / 16 (25%)
All three species 10 / 74 (13.5%) 16 / 59 (27.1%)
Table 2 - Number of Giardia duodenalis-positive patients considering the number of samples collected in each sampling scheme 
and in each animal species analyzed (humans, dogs, and cats). The Faust technique1 was used to screen fecal specimens
Giardia-positive samples
Daily sampling Every-other-day sampling
S1 S1 + 2 S1 + 2 + 3 S1 S1 + 2 S1 + 2 + 3
Humans 0 0 0 5 (71.4%) 7 (100%) 7 (100%)
Dogs 3 (42.9%) 5 (71.4%) 7 (100%) 3 (60%) 3 (60%) 5 (100%)
Cats 0 1 (33.3%) 3 (100%) 0 1 (25%) 4 (100%)
All three species 3 (30%) 6 (60%) 10 (100%) 8 (50%) 11 (68.7%) 16 (100%)
Figure 2 - Chart showing the detection of Giardia duodenalis 
cysts in stool samples from all the three animal species 
assessed in the present study (humans, dogs, and cats), and 
the number of fecal specimens that were collected during the 
every-other-day sampling scheme and examined using the 
Faust technique1
Figure 1 - Chart showing the detection of Giardia duodenalis 
cysts in stool samples from all the three animal species 
assessed in the present study (humans, dogs, and cats), and the 
number of fecal specimens that were collected during the daily 
sampling scheme and examined using the Faust technique1
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sampling with three-day sampling, there was an increase 
of 6 Giardia-positive animals (50%) (p=0.01). In dogs, no 
significant difference between the two sampling schemes 
was observed (p=0.99).
The collection of two and three samples in the daily 
collection scheme provided two more positive animals 
each, increasing the positivity by 28.6% in the each extra 
sampling day scheme (p=0.59 and p=0.46, respectively). 
Regarding the every-other-day scheme, there was an 
increase of 2 positive animals only with the collection of 
three samples, rising the positivity by 40% (p=0.44). 
An increase in the diagnostic sensitivity when multiple 
stool samples were examined for the presence of Giardia 
cysts was particularly relevant in cats: 2 (28.6%) of them 
were diagnosed with two collected samples (p=0.46) and the 
other 5 (71.4%) with three collected samples (p=0.02). No 
cats were diagnosed with a single sample collection. When 
comparing the two sampling schemes in feline samples, 
there was a decrease of 35.0% in the number of positive fecal 
specimens when using the every-other-day scheme (p=0.28). 
Taking into account the feline samples, it was observed 
that positive cats were diagnosed only with two and three 
collected samples, in both schemes. In the daily scheme, 
a percentage increase of 33.3 (p=1.00) and 66.7 (p=0.40) 
in each extra day of collection was observed, respectively. 
When samples were collected alternately, increases of 25% 
on the second (p=1.00) and 75% on the third day (p=0.14) 
of sampling collection were observed. When comparing the 
single sample collection with the three-day sample collection, 
there was a significant difference favoring the every-other-day 
sampling scheme (p=0.02). 
When considering fecal samples from all the three 
species studied and from both sampling groups, there was 
an increase of 6 Giardia-positive patients with the two-day 
sampling and 9 Giardia-positive patients with the three-
day sampling with an increase of 23.1% (p=0.10) and 
34.6% (0.001) in the detection of carriers of this protozoan 
infection, respectively. When the two serial sampling 
schemes were compared in all animal species, there was 
an increase of 13.6% in the number of Giardia-positive 
fecal specimens if those were sampled by the every other 
day scheme (p=0.07). 
Taking into account all three species, when stool 
samples were collected daily, the second and the third 
sample collection afforded the diagnosis of, respectively, 
more three and seven patients in comparison with the single 
collection scheme, raising the number of positive cases by 
30% (p=0.21) and 70% (p=0.003). In the every-other-day 
scheme, it was possible to identify three more patients with 
two collected samples (18.7%; p=0.47) and eight more 
patients with three collected samples (50%; p=0.002). 
Stool samples that were Giardia-positive in one 
assessment were Giardia-negative in other assessment; this 
pattern was observed in 100% of humans (7/7), 91.7% of 
dogs (11/12) and 100% of cats (7/7) and was present in 25 
(96.2%) of 26 positive patients. 
In the group in which fecal specimens were sampled 
on consecutive days (daily sampling), intermittent 
cyst shedding was observed in 100% of dogs and cats 
(Figure 1). In the group assigned to collect fecal samples 
every other day (every-other-day sampling), intermittent 
excretion of protozoan cysts in stool was observed in 100% 
of humans (7/7), 80% of the dogs (4/5) and 100% of cats 
(4/4). In that group, 93.7% of patients (15/16) that were 
positive for Giardia presented intermittent cyst shedding 
(Figure 2). 
DISCUSSION 
Since the same number of stool sample kits was 
distributed among individuals from each sampling group 
assessed, the difference in the number of fecal samples 
collected by each sampling group was due to the fact 
that some of the participants didn’t collect samples every 
other day as requested. A major drawback in parasitology 
research involving fecal specimen collection by volunteers 
is that there are participants who fail to follow the provided 
instructions27. In the present study, serial sampling of 
multiple specimens by many individuals was an additional 
confounding factor. 
In this study, multiple fecal sampling accounted for an 
increase in the number of Giardia-positive fecal samples in 
all three species examined and in both sampling schemes. 
Other authors that also assessed the influence of serial 
sampling on the diagnosis of giardiasis in humans13,16,21,28,29 
and dogs18,19,30,31 reported similar findings. Since no studies 
were observed in a comprehensive literature search, to our 
knowledge, this is the first study assessing the influence of 
serial sampling on feline hosts. 
Contrary to our findings, Györkös et al.32, Senay and 
MacPherson33, and Morris et al.34 reported no significant 
increase in the number of positive samples for intestinal 
parasites detection when the serial sampling scheme 
was used. It is important to highlight that not all of 
those authors studied the use of serial sample collection 
for diagnosing protozoa. Györkös et al.32 performed 
serial fecal examination for intestinal parasites detection 
only in asymptomatic human carriers, and Senay and 
MacPherson33, and Morris et al.34 tested stool samples from 
symptomatic human patients for enteric parasites detection. 
Moreover, the methods used for fecal examination and 
sample preservation were not standardized in these studies. 
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Senay and MacPherson33 used the concentration formalin-
ether technique on sodium acetate-formalin preserved 
samples; Morris et al.34 used the concentration by formalin-
ethyl acetate method on 10% formalin and PVA preserved 
samples; and Györkös et al.32 used the Faust and formalin-
ether concentration techniques on sodium acetate-formalin 
preserved samples. It is worth noting that the authors were 
not expecting to specifically diagnose Giardia duodenalis 
infection so that a more sensitive technique for this parasite 
diagnosis was not used to analyze the samples. Many of 
intestinal parasites don’t have an intermittently shedding 
of ova or cysts like Giardia sp. Nevertheless, it should be 
emphasized that those studies were conducted in developed 
countries, in areas where the prevalence of Giardia is low 
whereas our study was conducted in a developing country 
(Brazil). Since epidemiological and socioeconomic features 
in each of these geographical areas vary significantly, 
different results are expected in similar assessment studies 
performed in each of those regions. 
Smith and Wolfe35 reported that the use of triplicate fecal 
samples for the diagnosis of giardiasis would decrease the 
chance of a false negative result that would occur due to 
intermittent cyst excretion in humans. After that, over the 
years, that feature was reaffirmed by other authors, who 
examined the presence of Giardia cysts in infected dogs 
by serial evaluation of fecal samples18,19,31. This finding is 
in agreement with the findings from our study, where the 
excretion of G. duodenalis cysts in the feces of 92.6% of 
positive volunteers was intermittent in both sampling groups 
and in patients from all species. The increase of Giardia-
positive fecal specimens in the every-other-day sampling 
scheme can also be attributed to the aforementioned 
intermittent cyst shedding pattern of G. duodenalis. 
Fecal sampling has proven to be an issue in research 
studies about intestinal parasites in all types of hosts36,37. 
With regard to pets (dogs and cats), owners may be 
unwilling to cooperate in research and would refuse to 
sample fecal specimens from their animals and send 
those samples for parasitological examination as the 
odor and appearance of those stools would repulse them. 
In addition, the patient identification and estimating 
defecation time and rate can also be difficult especially in 
environments inhabited by many animals from different 
species, in particular in households with large outdoor 
areas that are shared by dogs and cats. Thus, the correct 
instruction for volunteers about sampling methods and 
the awareness of the pet owners about the importance 
of multiple fecal exams are important to ensure reliable 
results. Therefore, albeit sampling problems are possible 
in a methodology based on volunteers’ collection of 
samples, actions involving volunteer instructions were 
taken to minimize the influence of the aforementioned 
problems on the results.
Despite the limited number of fecal samples from each 
species that was analyzed in the present study, to the best 
of the authors’ knowledge, there are no previous studies 
published to date with similar methodology for sample 
collection (consecutive versus every-other-day) involving 
all three species studied.
CONCLUSIONS
Based on the results of this study, we conclude that 
multiple fecal sampling increases the sensitivity and 
accuracy of the Faust et al.25 technique to diagnose 
G. duodenalis infection in the three animal species 
examined, regardless of the sampling scheme. This 
procedure increases the number of tested samples but 
overcomes the interference of the intermittent excretion 
of Giardia cysts. 
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